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Abstract 
 
The Australian Sugar Industry is a significant economic contributor along 
the Queensland and Northern New South Wales coastlines.  The majority of 
cane processing factories utilise a rail network and rolling stock (i.e. 
locomotives and cane wagons) for the transport of the sugar cane to the 
factory for processing.  Rolling stock derailments are a significant problem 
within these transport systems.  These derailments create major safety, 
environment and financial risks to businesses like Sucrogen, the industry 
partner for this project.   
 
A significant proportion (in some seasons up to 20%) of these derailments is 
root caused by wagon axle bearing failures. Like most rolling element 
bearings, the wagon bearings exhibit random failure modes and failure is 
therefore unpredictable based on service interval.   
 
This dissertation investigates the use of various condition monitoring 
methods with respect to identifying a cost effective method for on-line 
bearing monitoring for cane wagon bearings. 
 
Through a review of bearing failure theory and identification of the failure 
lead indicators, selection of a system design layout was achieved.  The 
system design was realised as a prototype system for evaluation as a 
measurement and data management tool for integration with a wagon 
identification system. 
 
Using the prototype system components, experimental trials were conducted 
to evaluate the system components’ suitability for the application.  This 
testing identified the system to be successful in the application.  Future 
direction for the research was presented based on the findings of the 
experimental testing.  This will allow the development of the system further 
to achieve a stand alone, on-line derailment prevention system.    
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Chapter 1: Project Introduction 
 
1.1 Introduction 
 
The north Queensland Sucrogen Cane products industry extensively utilises 
rail transport for the movement of raw and processed products. The 
equipment that uses this rail network is termed rolling stock and consists of 
locomotives, wagons and brake vans, which are more commonly known as 
trains, wagons and vans.  
 
This operation has been successfully used for more than 100 years, with the 
only changes being technology and size upgrades to handle the growing 
agricultural and milling industry.  Reliability of this system to perform its 
required function ensures a consistent product flow between the growers 
(sugar cane growers), millers (sugar cane processors) and exporters 
(marketers of raw sugar). Derailment of rolling stock (particularly wagons) 
is a significant contributor to the cost of maintenance and lost time 
operation for Sucrogen in the Herbert district.  A significant portion of 
Herbert district wagon derailments are caused by bearing failures.  
Associated costs for bearing failure related derailments have been estimated 
at $167 K per annum (Sucrogen 2010) for the Herbert district.  
 
The motivation for this research is to reduce these costs and improve the 
reliability/availability of rolling stock equipment.  This in turn increases 
product quality and is therefore of two-fold importance to Sucrogen. 
1.2 Project Aim 
This project aims to improve rolling stock reliability and public safety 
through the development and trialling of a prototype on-line condition 
monitoring system for wagon bearings within the Herbert rolling stock fleet.  
 
Research into existing solutions to monitoring bearing condition on rolling 
stock at speed will be carried out to identify a suitable system/s to prototype 
via in-field trials.  These systems will be assessed in relation to a capacity to 
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predict bearing failure and identify items of rolling stock for corrective 
maintenance before failure occurs in-service. Recommendation for 
improvements will be identified as well as the feasibility of the project 
proposal 
1.3 Project Objectives  
1. To undertake a literature review of the bearings currently being used, 
the equipment required to monitor the bearings, and the operating 
control parameters around using this equipment.  
2. Define and describe current system maintenance strategies for 
controlling bearing failures and benchmark systems of the industry. 
3. Identify significant problems with uncontrolled bearing failure due 
to a lack of condition monitoring system. 
4. Propose solutions to the identified problems by recognising 
alternative methods. 
5. Conduct a cost benefit analysis of the suggested solutions. 
6. Formally make a report of findings to the sponsored company. 
7. If time permits, report on any implemented solutions. 
8. Write a dissertation of the project work. 
 
1.4 Overview of the Dissertation  
A review of relevant literature for the project is contained in Chapters 2 to 4 
and covers three key focus areas: 
Chapter 2 – The Australian Sugar Industry 
 
This chapter reviews information about the sugar industry and gives purpose 
to implementation of an on-line bearing predictive maintenance system.  
Particular attention is paid to the Australian Sugar methods of processing 
sugar cane to produce sugar crystals. 
 
Chapter 3 – Sucrogen Cane Transport System 
 
This chapter describes the Sucrogen Herbert district cane transport system.  
Attention is focused on rolling stock function and the financial implications 
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of the derailments that this project aims to reduce through the development 
of a prototype wagon bearing condition monitoring system. 
 
Chapter 4 – Bearing Theory 
 
This chapter reviews information relevant to the proposed implementation 
of an on-line bearing predictive maintenance system for the rail transport 
sector of the Sugar industry.  Rolling element bearing function is described.  
Attention is then focused on methods for predicting failure of rolling stock 
wheel bearings by identifying the measureable lead indicators and how the 
environmental conditions in which rolling stock operate may shape the 
selection of appropriate system components for a measuring/monitoring 
system.  The review concludes with a decision matrix approach to the 
selection of a suitable process for derailment prevention, based around an 
online condition monitoring methodology. 
 
Chapter 5 – Online Temperature Monitoring System 
 
This chapter identifies the required functions of a prototype system for 
measuring rolling stock bearing temperatures in-field.  A system design 
layout is developed and the selection of system components that address the 
functional requirements is discussed. Design analysis is presented for the 
development of the system framework and the details of the final prototype 
system design are presented. 
 
Chapter 6 – Experimental Testing 
 
This chapter details the findings of an experimental program aimed at 
establishing system connectivity and evaluating the overall system success 
with respect to measuring wagon axle bearings within the real life operating 
environment.   
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Chapter 7 -  Findings and Recommendations 
 
This chapter summarises the work conducted and details the major findings 
in relation to the system success.  A scope for further work is also detailed, 
enabling this research to continue towards the ultimate goal of a stand-alone 
system for prevention of bearing failure related derailments of cane trains. 
 
1.5 Conclusion 
The background for the project was discussed and highlights the importance 
of this project to Sucrogen as a business, and to the Australian sugar 
industry as a whole. The project aims and scope were identified and used to 
develop the project objectives.   
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Chapter 2:  Australian Sugar Industry  
2.1 Introduction 
   
This chapter reviews information about the sugar industry and gives purpose 
to implementation of an on-line bearing predictive maintenance system.  
Particular attention is paid to the Australian Sugar methods of processing 
sugar cane to produce sugar crystals. 
 
2.2 The Sugar Industry and Processing 
 
Sugar is one of Australia’s most vital agricultural industries, it is the second 
largest export crop after wheat and generates more than 40,000 jobs, directly 
and indirectly each year (SUGARAustralia 2004).  Current industry 
production is as follows: 
 
Cane Tonnage Harvested 32-35 Mt 
Raw Sugar Production 4.5-5 Mt 
Cane agricultural businesses  5000 
Sugar Mills  25 
Bulk storage ports  6 
Value of production  $1.5 - $2.5 Billion 
2.3 Where is Sugar Cane grown in Australia   
Sugar production has been around for hundreds of years in Australia, being 
the medium for the development of many coastal communities and 
underpins the economic stability of many rural townships to this day.  
 
Australia’s sugarcane is grown along coastal plains and river valleys on 
2100 km of Australia’s eastern coastline - between Mossman in far north 
Queensland and Grafton in New South Wales.  Queensland accounts for 
about 95% of Australia’s raw sugar production, and New South Wales 
around 5% (CANEGROWERS 2011).  
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More than 5000 sugar growing farms operate along Australia’s eastern 
seaboard. Australia has over 545,000 hectares (ha) devoted to cane growing. 
While the average size of a cane farm is 100 hectares, some are in excess of 
1000 hectares. Most cane is grown within 80 km of the coast, mainly in high 
rainfall areas and based on numerous river systems (Selwyn 2006). 
 
Figure 2.1  Map of Sugarcane growing regions (SRI) 
 
2.4 Where does Australian sugar go 
Australian sugarcane is processed into raw sugar, 80% of which is then 
exported to be refined into white sugar, 20% of which is processed on 
Australian shores. 
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Depending on seasonal production variability, Australia normally ranks as 
the second largest exporters of raw sugar, after Brazil.  We sell mainly to 
East Asia, China, Indonesia, Japan, Korea, Malaysia, Taiwan, the USA and 
New Zealand (CANEGROWERS 2011).  Australia’s capacity to store over 
two (2) million tonnes of sugar in a network of bulk port terminals, allows it 
to supply customers throughout the year.  Success has been built on world's 
best practice in growing, production, handling and marketing 
2.5 Sugar Cane milling 
Australia has 25 sugar mills which crush an average 10,000 tonnes of cane 
daily and employ around 150 people during the season.  Most sugar mills 
have been established for more than 100 years. The juice mill that began 
operating near Mareeba in 1998 was Queensland’s first new mill in 73 
years. 
Activities in the Sugar Milling industry can be categorised into three broad 
activity streams.  
Processing: covers milling operations from the juice extraction station 
through to all processing stages to produce a raw sugar product.  
Transport: includes all forms of transport – most commonly rail and road. 
We will cover this in detail in chapter 3. 
Services: relates primarily to rail construction and maintenance.  
The processing of sugar cane is highly seasonal in nature, typically 
occupying up to half of each year. For the remainder of the year, work is 
undertaken to prepare, plan, construct and maintain rail, plant and 
equipment. 
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Figure 2.2  Sucrogen Victoria Sugar Mill 
The Sugar Milling industry takes sugar cane and processes it to produce raw 
sugar. There are two main by-products of milling – molasses and fibre 
(bagasse). Molasses is used in cattle feed and fermentation processes. The 
fibre is used to fire the boilers to provide the sites energy requirements, 
surplus energy such as electrical power and fibre product is used for 
additional revenue. While its primary output is raw sugar, the industry’s 
future could be increasingly shaped by its potential as a renewable energy 
resource. 
Below is an overview of the activities in the Sugar Milling industry that 
result in the production of raw sugar;  
1. After harvesting, cane is transported to the mill where it is weighed and 
processed at automated tipping stations.  The name of the producing farm 
and the weight of each cane bin is automatically recorded for cane 
payments. 
2. The cane billets are tipped onto a carrier that transports it to a shredder.  
The shredder shreds the cane into fibrous material and ruptures the juice 
cells for the extraction process. 
USQ Faculty of Engineering and Surveying 9   Aston Craig (0050027629) 
3. Mills consists of three large rollers arranged in a triangular formation, 
feed rollers feed the fibrous material through these mills.  This process 
separates the sugar juice from the fibrous material, called bagasse.  The 
sugar juice is pumped away for processing and the bagasse is conveyed to 
the mill boiler furnaces. 
4. The extracted juice is then sent to large specially designed vessels called 
clarifiers to "settle out" impurities for further processing. Muddy juice 
extracted from the bottom of the clarifiers is then filtered, the juice is sent 
back for processing and the mud is used as a fertiliser on cane farms and in 
gardens.   
5. The clean juice from the clarifiers is concentrated by boiling it under 
vacuum in a series of connected vessels called evaporators.  The 
concentrated juice is called syrup (about 65-70 percent sugar). 
6. The syrup is then processed further in vacuum pans and is seeded with 
small sugar crystals in a process called crystallisation. The sugar crystals are 
grown to the required size by adding more product (syrup) while boiling 
continues.  When the crystals reach the required size (approximately 
1.0mm), the mixture, now called massecuite (syrup and crystals), is 
discharged from the pans. 
7. Syrup is separated from the raw sugar crystals in centrifuges (similar to a 
household washing machine ‘spin’ cycle).  The dark syrup surrounding the 
crystals is ‘thrown off’ and passes through the perforated baskets.  The 
spun-off syrup is boiled again and more raw sugar crystals are recovered 
and re-processed.  Molasses is the syrup left over from the final process 
once the crystal becomes too small to make further extractions economical. 
8. The raw sugar from the centrifugals is dried by tumbling in a rotating 
drum. 
9. The raw sugar is then transferred by rail or road to storage sheds. 
The above process is shown pictorially in Figure 2.3. 
USQ Faculty of Engineering and Surveying 10   Aston Craig (0050027629) 
 
Figure 2.3  Sugar Milling Production Diagram (SRI) 
 
2.6 Conclusion 
The Australian Sugar Industry is a significant economic provider in 
Queensland and Northern New South Wales.  Safe and efficient delivery of 
cane to sugar factories is critical to process efficiency and business 
reputation for companies like Sucrogen Cane Products, the Industry sponsor 
for this project.   
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Chapter 3:  Sucrogen Cane Transport system 
3.1 Introduction 
   
This chapter describes the Sucrogen Herbert district cane transport system.  
Attention is focused on rolling stock function and the financial implications 
of derailments. 
 
3.2 Overview of the Sucrogen cane transport operation 
 
The modern day harvesting methods requires large quantities of chopped 
cane to be transported to a processing facility within hours of harvesting. 
The efficient transport of this cane is essential to avoid deterioration in 
sugar content after harvesting and to ensure a uniform flow of product 
through the mills.   
Each year in the winter season, millions of tons of sugar-cane are harvested 
and loaded onto narrow gauge railways for the journey to the mill, where it 
is crushed and processed into raw sugar. Some of this raw sugar is again 
transported to port for shipment by railway, sending it on its way to the food 
industries of the world market. 
Until 1960, the sugar tramways of Australia operated much as they had 
since the end of the previous century. While early lines often were horse 
powered or sometimes manpowered, the simple locomotives of Decauville, 
Fowler, Krauss and other companies soon made their mark in the cane fields 
(Australian Sugar Tramways. Inc. Website 2011). They hauled open wagons 
with stake ends, sometimes holding as little as one tonne of cane each.  
Tramway operations are now big business and all phases must be more 
precise and controlled than in the past. Modern tramway operations require 
heavier track and better structures than in the past. The cost of a derailment 
in terms of maintenance and delays to the total milling system makes it 
imperative that this be so. Victoria Mill (Herbert Sucrogen Site) was often 
quoted as a model of an advanced 610 mm narrow gauge tramway system, 
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with high tonnages, dense traffic and long haul distances. The locomotives 
include a number of modern bogie diesel-hydraulic models of high weight 
that are capable of high speeds. The track provided for such operations is 62 
Ib/yard weight.  
 
Figure 3.1   Sugar Cane Train (Sucrogen) 
The operation of the cane railway is a 24 hours a day and in most cases 7 
days a week during the crushing season which runs for around 20 weeks 
each year. Each locomotive collects a rake of ‘wagons’ from the empty yard 
at the mill and delivers them to various loading points throughout the rail 
network. It normally runs cab first with empty wagon following, a practice 
dating back to steam days. The loading points take the form of sidings 
where the wagons are stored while waiting to be filled by cane farmers or 
harvesting contractors. On its return run, the locomotive picks up full 
wagons from the various delivery points and hauls its load back to the mill, 
delivering them to the full yard. From there, the wagons are automatically 
taken through the weighbridge to the tippler where the cane is emptied, and 
enters the mill for processing. The empty wagons proceed to the empty yard 
for the cycle to be repeated. It takes about 8 tonnes of cane to produce one 
tonne of raw sugar (Browning 2007). There are generally three 8-hour shifts 
for the locomotive crews, but the majority of harvesting takes place during 
daylight hours and part of the role of the cane railway is to provide a 
consistent supply of cane to the mill over each 24-hour period. 
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Rolling stock consists largely of cane "wagons" which are box-like 
containers on wheels, often constructed from tubular steel with wire mesh 
sides. These vary in capacity from 4 tonnes to 14 tonnes. Four-wheel 
wagons range up to 10 tonne capacity, while bogie designs are used for 
larger types. Until recently, four-wheel cane wagons were only built up to 
six tonne capacity because they were generally taken from the line on 
rubber-tyred infield transport vehicles for filling by the cane harvester. 
During the 1990s, specialised infield elevator-tipper rubber-tyred vehicles 
were developed which are capable of loading the bins at the siding.  This 
effectively enabled larger bins to be introduced. 
The Herbert Mills have a combined fleet of 6131 x 4 tonne wagons, 76 x 8 
tonne wagons, 238 x 10 tonne wagons and 739 x 11 tonne wagons. The 4 
tonne wagons are > 36 years old and in poor condition and have exceeded 
their theoretical design life. In 2008, a cane wagon replacement strategy 
commenced in the Herbert with the aim to eventually eliminate the 4 tonne 
wagon fleet and rationalise the number of wagon types. To-date the 10 
tonne wagon with its choice of wheel set, bearings and axle boxes will be 
phasing out the remaining deteriorated fleet. Until this happens, a high level 
of reliability of all the different types of wagons is a requirement and the 
challenges this presents for a measurement system will be considered 
through the stages of this project.  
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Figure 3.2  10 tonne cane bin (Sucrogen) 
3.3 The Safety, environment and financial implications 
of derailment  
 
Figures 3.3 and 3.4 below show significant rolling stock derailments caused 
by bearing failures.  Problems that often result from derailments such as 
these include personal safety issues to operators and members of the general 
public, as well as tramway damage, rolling stock damage, loss of product 
and processing delays to the sugar mills. Business reputation costs of 
derailments are also considerable due to associated media coverage of these 
high-risk incidents.   
 
A review of available data surrounding derailment populations and recorded 
remediation costs was conducted for the Herbert District.  While data was 
lacking on the costs of wagon repairs resulting from derailments, 
infrastructure repairs and process delays associated with derailments cost in 
excess of $600k in 2010.  Greater than 20% of all derailments recorded 
were caused by failed axle bearings.   
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In addition, a review of safety records highlighted that recordable injuries 
during derailment related works occurred on average annually over the 
history of available data. 
 
 
Figure 3.3  Cane Bin Derailment (Sucrogen) 
 
 
 
Figure 3.4  Cane Bin Derailment (Sucrogen) 
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3.4 Developing an Effective Risk Management Strategy 
for Rolling stock bearings using RCM  
Reliability Centred Maintenance (RCM) is an engineering maintenance 
process widely used to create optimised and effective maintenance strategies 
based purely on managing the risk of failures. It is a systematic approach to 
defining a routine maintenance program composed of cost-effective tasks 
(or systems) that preserve important functions by predicting failures before 
significant adverse consequences eventuate (Moubray, John 1997).  
Applied to the problem of preventing rolling stock bearing failures 
progressing to the point of causing a derailment via implementation of a 
fleet monitoring system, RCM principles will be employed to: 
1. Develop an understanding of the failure modes we are looking for. 
2. Identify the measureable lead indicators associated with these failure 
modes.  
3. Apply a decision matrix to these lead indicators relating to identify 
the best solution with respect to financial outlay, ongoing resource 
requirements, risk mitigation and confidence of success. 
Completion of this RCM analysis of the problem will lead our investigation 
into selection of components and development of a prototype system for in-
field trials. 
3.5 Conclusion  
Sucrogen utilises a rail network with locomotives and cane wagons for the 
delivery of harvested sugar cane to each of its seven raw sugar factories.  
Cane train derailments are a real safety and financial risk in the transport 
system and a significant percentage of these are caused by wagon bearing 
failures.  In the Herbert district alone in 2010, the derailments relating to 
bearing failures were identified to cost over $600k in infrastructure repairs 
and process delays.  Further, unquantifiable costs also exist in reputation 
loss and wagon repairs.  Hence the implementation of a system to identify 
imminent bearing failures through the use of a condition monitoring 
methodology represents potential for significant cost savings. 
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Chapter 4:  Bearing Theory 
4.1 Introduction 
This chapter reviews information relevant to the proposed implementation 
of an on-line bearing predictive maintenance system for the rail transport 
sector of the Sugar industry.  Rolling element bearing function is described.  
Attention is then focused on methods for predicting failure of rolling stock 
wheel bearings by identifying the measureable lead indicators and how the 
environmental conditions in which rolling stock operate may shape the 
selection of appropriate system components for a measuring/monitoring 
system. 
4.2 Cane wagon roller bearings 
A comprehensive description of the history of the rolling element bearing 
can be found in (Juvinall and Kurt 2005) and is therefore not covered in 
detail here.  Rather, focus is placed on the specific bearings used in the 
Herbert rolling stock wagon fleet, as this is of primary importance for 
understanding how these machine components may be best monitored on-
line. 
Roller element bearings are typically either ball or roller bearings. In 
general applications, ball bearings are capable of higher speeds and roller 
bearings can carry greater loads. The fundamental technology of roller 
element bearings is that associated with decreasing the curved surface 
contact stresses and related fatigue effects. The selection of bearing race 
curvature is critical, a radius slightly larger than that of the rolling element 
gives a comparatively large area of contact creating less contact stresses. 
Thus the selection of the radius is a compromise between having load 
supporting area and accepting sliding friction. 
As mentioned previously, it is imperative that cane wagons experience ease 
of movement on rail tracks, hence correct bearing choice is mandatory if 
this is to be maintained. Figure 4.1 shows an exploded view of the bearings 
of interest in this project, this bearing is subjected to four main loads during 
operation. In general, the bearing would only be required to support the 
weight of a encumbered cane wagon and overcome frictional forces. 
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However, during operation, the bearing will encounter additional forces 
such as, misalignment and axial forces when cornering. A representation of 
these wheel set forces are illustrated in Figure 4.2.  All forces, with the 
exception of friction can be classified as short term loading forces due to the 
geometry of the rail track and the cane wagon. 
 
 
 
Figure 4.1  Detailed component view of a railroad bearing. (Tarawne, Cole 
et al. 2008) 
 
 
Figure 4.2 - Wheel set assembly (Sucrogen) 
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The wheel set, in particular the axle box and bearings, is a critical 
component for cane wagon reliability. The typical seasonal operating cycle 
of the wheel set presents some challenges for the design configuration.  
As Santarossa and Camuglia (2005) stated, many types of bearings have 
been used in the development of cane trucks (wagons) for the Australian 
sugar industry. It has advanced from wooden-framed construction with 
bronze bush plain bearings to steel framed double row spherical roller 
bearing with higher load carrying capacity. 
This period of evolution saw the introduction of bearings such as the double 
row ball configurations (SKF 2309), which were then replaced by the 
double row spherical roller design (SKF 22309) and in recent years, 
substituted with the tapered roller bearings (SKF 331983/Q). Whilst the 
majority of the cane wagon fleet are presently outfitted with the latest 
bearing types, there still remains a minority of the fleet that are in service 
that are functioning with the SKF 22309 bearings. Consideration has also 
been made to the use of a sealed bearing unit, known as a truck bearing, 
with designation SKF BTH-1011 AB. This bearing is similar in type to the 
SKF 331983/Q bearing, in that they are both tapered roller bearings, 
however the truck bearing does not need periodic greasing, due to its sealed 
configuration, resulting in less service costs. This is the bearing that is 
currently being used in the 10 tonne wagons, see Figure-4.3 for bearing SKF 
331983/Q and SKF BTH-1011 AB. Initial bearing life assessment by SKF 
and Sucrogen is estimated at ten (10) years with the new sealed bearings 
(SKF BTH-1011 AB). 
 
Figure 4.3  The SKF 331983/Q and SKF BTH-1011 AB  (Sucrogen) 
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The selection of axle boxes and bearings has been continually changing with 
the introduction of better technology and products available on the market. 
This project will not be concentrating on improving the design of the 
bearings and axle box used today, but rather than study of condition 
monitoring of these bearings to follow the RCM principles.  
4.3 Understanding bearing failures 
 
Gradual deterioration of the operating behaviour is normally the first sign of 
bearing damage. Spontaneous damage is rare, for example, that caused by 
mounting errors or a lack of lubrication, which leads to immediate 
downtime. Depending on the operating conditions, and reason for damage, a 
few minutes, or under some circumstances even a few months, may pass 
from the time damage begins to the moment the bearing actually fails.  
 
It is often said in industry “that bearing has failed prematurely because it 
was defective”. This justification of failure analysis is far from the truth. 
Bearing manufactures of today use ultrasonic inspection devices to detect 
surface and subsurface material defects, eliminating poor quality products 
during the manufacturing process. In fact, manufacturing defects in rolling 
bearings cause less than one percent of all bearing failures. This small 
percentage is continually being reduced by improvement in manufacturing 
techniques and bearing materials being used.  
 
The above said, only a small number of bearings actually reach their 
material fatigue limit (maximum useful life). Rolling element bearings life 
expectancy is directly related to the number of revolutions performed, the 
magnitude of the carried loads (including misalignment) and the quantity 
and cleanliness of the lubrication used. Hence these predictions are highly 
theoretical. 
 
In reality, there are many changes in the above input parameters from the 
‘design’ values and hence bearing life is often random and unpredictable in 
industry.   
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Industry bearing statistics collected by SKF indicate however that around 
70% of failures relate to poor lubrication as the primary root cause.  
Lubrication effects therefore represent a key discussion point in relation to 
understanding the pre-failure bearing degradation and associated signs. 
 
4.4 Lubrication Discussion 
 
The indicative purpose of lubricating the bearing is to cover the rolling 
contact surfaces and sliding contact surfaces with a thin film to avoid direct 
metal-to-metal contact. Effective lubrication of the rolling-element bearing 
will have these desired effects.  
(1) Reduces friction and abrasion 
(2) Transports heat generated by friction 
(3) Prolongation of service life 
(4) Prevents rust (corrosion) 
(5) Keeps foreign objects (or contamination) away from rolling elements 
and raceways 
 
Whilst lubrication performs the above functions, it is necessary to choose 
the correct type, frequency and form of lubricant for the application. 
Selection of lubrication type is often done during the early stages of the 
design process, factors to consider include; 
• The operating condition  
• The adjacent construction 
• The lubricant feed 
• The type and size of the bearing  
Mineral based grease is generally used for lubricating cane wagon rolling-
element bearings because it is easy to handle and simplifies the sealing 
system. The lubricating characteristic of grease deteriorates with operating 
hours, thus requiring relubricating of the bearing at appropriate intervals, 
failing this causes premature bearing failure, as demonstrated in Figure 4.4. 
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Figure 4.4  Bearing Failure (SKF) 
As Santarossa, LG and Camuglia JJ (2005) has said due to the service 
requirement of the cane wagon fleet, premature bearing failure in the wheel 
sets was becoming more apparent, see Figure 4.5 below. These problems 
could be linked with the abutment ring spinning on the axle and high wear 
rates between the axle box and the seal causing grease contamination. It was 
proposed that the grease contamination lead to accelerated bearing wear 
particularly in the cage area. The smaller diameter roller was then capable of 
being dislocated from the cage during a service impact event, which then 
gave rise to rapid overheating and destruction of the bearing, causing a 
derailment event. Bearing failures have been noted to occur after as little as 
two seasons.  
 
Figure 4.5  A typical ‘Burnt-Out’ Bearing. (SANTAROSSA and 
CAMUGLIA 2005) 
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A sufficient supply of clean lubricant is the main precondition for trouble-
free operation. Bearing SKF BTH-1011 AB with its seal for life 
configuration is superior to its predecessors. Sealed bearings are shipped 
from the manufacture with approximately twenty percent of the bearing 
cavities filled with grease.  
 
Of all lubrication related failures, most bearings fail as a result of a lack of 
lubrication although many fail as a result of excessive lubrication.  In either 
case, temperature changes result in the lead up to failure, through heat 
generated by increased friction (under lubricated) or decreased heat 
dissipation (over lubricated).  As a rule of thumb, the service life of grease 
lubrication is reduced by half for every fifteen degrees Celsius increase in 
temperatures above seventy degrees Celsius (Leugner 2005).  
 
The discussion of heat as a lead indicator for bearing failure leads us into an 
important consideration for this project, that being the use of lead indicators 
for predicting and preventing in service bearing failures. 
 
4.5 Predicting bearing failures  
In general there are four main lead indicators for failure in rolling element 
bearings. These are Vibration, Temperature, Lubricant quality and visual 
properties of the bearing. With regards to the cane wagon roller element 
bearings, implementation of a system that monitors any of these four 
indicators would successfully improve the current status quo. 
 
Investigation and suitability of the monitoring systems for implementation 
where data obtained can be used to quantify bearing failures for controlled 
bearing maintenance is key to this investigation. Each lead indicator will 
now be considered independently for the application of monitoring sugar 
cane wagon bearings.  
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4.5.1 Vibration Analysis 
Vibration (motion and acoustic) indicators are proven to be highly reliable 
in predicting rolling element failures, in that they give the most warning 
before failure occurs. If used properly, an analysis can determine signs of 
wear, and identify race, ball and cage defects. These defects give off 
distinctive signatures captured by vibration and acoustic recording 
instrumentation.   
The most commonly used method of electronic condition monitoring in 
machines with roller element bearings is called Vibration Analysis (VA). 
Although VA technology is continually improving, its use in monitoring 
cane wagon bearings has not been utilised in the North Queensland Sugar 
industry, however investigations into its suitability for implementation as a 
monitoring system is warranted because of it capabilities. 
Vibration analysis measurements can be taken on bearing casings with 
seismic or piezo-electric transducers to measure the casing vibrations. The 
level of vibration can be compared with baseline values such as historical 
trends or former readings from a new installation and in some cases 
established standards such as load changes from historical data. 
The technique of analysing VA is to examine the individual frequencies 
present in the signal. These frequencies correspond to the operation of 
certain mechanical components or certain malfunctions (such as axle 
unbalance or bearing misalignment). By investigating these frequencies and 
their harmonics, the root cause can often identify the reason for the problem. 
For example a degrading rolling-element bearing will usually exhibit 
increasing vibration amplitudes at specific frequencies as it wears. Special 
instruments with automatic analysis capabilities can detect this wear weeks 
or even months before bearing failure, giving generous warning to organise 
schedule replacement before a failure.  
 
Fitment of instruments directly to the rolling element bearing is generally 
required which is a very expensive task for the size of the fleet in question.  
Although Lamari (2008) proposed an ‘instrumented test bed’ concept, this is 
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not considered advanced enough in theory to invest considerably in for this 
study. 
Acoustic analysis is another form of vibration monitoring used in 
mechanical applications similar to VA. Digital ultrasonic meters measure an 
audio signature derived from high frequency signals from bearings and 
display the result as a dB/uV (decibels per microvolt) value. This value is 
trended over time and used to predict increases in friction, rubbing, 
impacting, and other bearing defects. The audio signature value is also used 
to predict proper intervals for re-lubrication. Headphones allow humans to 
listen to ultrasound as well. A high pitched 'buzzing sound' in bearings 
indicates flaws in the contact surfaces, meaning the bearing is reaching 
fatigue failure, or flooding of or lack of lubrication (Goodman 2003). 
In relation to this study, acoustic analysis is made difficult due to the 
significant background noise levels associated with the application.  BHP 
Iron Ore (D. Kauppila, personal communication) has investigated the use of 
a plastic rail section for conducting acoustic analysis on rolling stock 
bearings.  However, such a system is considered out of the financial scope 
of this investigation, due to associated intensive maintenance required for 
the plastic track section and the initial expense. 
4.5.2 Temperature Analysis 
Bearing manufacturers have long been aware of the relationship of heat to 
bearing life. Once outside the ideal temperature range, bearings will degrade 
at an accelerated rate. So how do you interpret temperature readings, and 
how should they affect the maintenance procedures at Sucrogen? There are 
different temperature bands for different combinations of bearing and 
lubricant, but they will have the same general trend regarding the best 
operating temperature and its effect on accelerated wear and failure. In most 
standard lubricants, for every 15°C increase in temperature above 70°C, the 
lubricant life is more than halved and there is a negative effect on bearing 
life (SKF bearing manual). Any mineral grease operating at a temperature 
above 80°C or 90°C will have a greatly diminished life.  
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Temperature change in bearings is a simpler and non-contact method of 
identifying imminent bearing failures (Lamari, 2008). Premature failures in 
bearings from overloading, too much or lack of lubrication and excessive 
wear will all create heat. Condition monitoring temperature variations 
across a surface can be achieved by non-invasive testing with thermography 
or infra-red instrumentation.  
 
The thermal energy from the bearing fault is transferred in three different 
modes in the bearing housing, conduction, convection and radiation. Heat 
transfer can be defined as the transmission of energy from one region to 
another as a result of a temperature difference. Conduction transfer acts 
when a temperature gradient exists in a solid medium (the bearing), heat 
will flow from the higher temperature region to the lower temperature 
region, the rate at which this occurs is proportional to the temperature 
gradient dT/dx times the area of the medium. Convection exists by heat 
transfer from one place to another between a solid surface and a fluid (e.g. 
between the bearing metal and a lubrication medium). Lastly, radiation is 
the quantity of energy leaving the surface as radiant heat. This heat transfer 
will depend on the absolute temperature and the nature of the surface. This 
radiant heat loss by means of electromagnetic emission can easily be 
monitored by instrumentation such as infra-red technology and 
thermography. 
Infra-red thermometers sometimes called laser thermometers are used to aim 
the thermometer for non-contact measuring ability. As such, the infra-red 
thermometer is functional for measuring temperature under circumstances 
where thermocouples or other probe type sensors cannot be used, for 
reasons like cane wagons where the object isn’t stationary and fast response 
time is required. The infra-red thermometers most basic design consists of a 
lens to focus the infra-red thermal radiation on to a detector, which converts 
the radiant power to an electrical signal that can be logged or displayed in 
units of temperature after being calibrated. For further reference, datasheets 
pertaining to the infra-red sensor being considered for testing are contained 
in Appendix D. 
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Thermography is much the same as infra-red thermometers in that it detects 
radiation in the infra-red range of the electromagnetic spectrum. 
Thermography, also known as thermal imaging or thermal video, produces 
images of the radiation, called thermograms. The thermograms produced 
portray different colours according to the different temperatures being 
monitored. Because there are multiple sources of the infra-red energy, it is 
sometimes difficult to get an accurate temperature of an object using this 
method. The image shows the viewer an approximation of the temperature 
at which the object is operating, the camera is actually using multiple 
sources to build algorithms of data based on the areas surrounding, the 
object to determine that value rather than detecting the actual temperature. 
For further reference, data pertaining to the thermographic camera being 
considered for testing are contained in Appendix E. 
4.5.3 Lubrication Analysis 
 
Conducting a lubrication analysis involves sampling the lubricant and 
studying the sample microscopically to identify the presence of wear 
particles.  This is identified as impractical for the project intent as it would 
be a very time and resource intensive task for the size of the fleet in 
question.  Furthermore, obtaining a sample is not possible on the new sealed 
bearing units. 
4.5.4 Visual Analysis  
The most rudimentary form of condition monitoring is visual inspection by 
experienced operators and maintenance personnel. Failure modes such as 
irregular noise during operation, discoloration in the local area, cracked 
housings and corrosion can often be detected by visual inspection.    
This form of condition monitoring is generally the cheapest upfront but can 
cost considerable resources over the life of the asset under monitoring, 
particularly if the program is dedicated and structured.  However, the 
associated lead indicators are the least effective in giving appropriate 
warning of imminent failures to allow prevention of catastrophic effects. 
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Sucrogen Herbert currently only employs this type of system for condition 
monitoring cane wagon bearings informally, thereby relying on ownership 
to the people that work with rolling stock day-to-day. In addition, 
identification of poor performance requires the rolling stock to be in motion.  
As such this informal system cannot be considered as highly reliable.  
Consequently, other forms of condition monitoring will generally enhance 
the ‘opportune’ findings from operators that currently occur. 
4.6 Decision Matrix Analysis 
Over the past few decades, scientists and experts have developed several 
techniques to detect bearing defects before the onset of failure, and 
numerous methods to predict the life of bearings. These techniques vary in 
the level of sophistication and range from simple methods to more advanced 
techniques and full-scale reliability analysis and run-to-failure lifetime 
testing. Vibration analysis, Acoustic analysis, lubrication analysis, and 
temperature monitoring are the methods previously identified as relevant to 
this investigation.  
 
In addition to the comments provided in the above discussion of lead 
indicator measurements for predicting bearing failures, a decision matrix 
(Table 4.1) was developed to relatively score each lead indicator as a 
measurement ‘system’ with respect to the following criteria: 
 
1. Initial capital outlay for system components and installation 
2. Ongoing resource requirements (number of components to maintain, 
HR requirements) 
3. Expected mitigation of the failure risks (i.e. lead time to failure, 
percentage of failures predicted, safety in use of the system) 
4. Reliability of the actual system and components (i.e. can we see the 
equipment and check that it is itself functioning and reliable during 
operation) 
5. Expected confidence of success for an on-line measurement system 
associated with the lead indicator (i.e. is the technology available 
and proven for the task) 
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Table 4.1  Prototype System Selection Decision Matrix 
Table 4.1 indicates that, based on the five identified criteria, an infra-red 
based temperature monitoring system is the best fit for prototype 
development. Further justification of this result is as follows: 
1. Vibration and acoustic measurements are the most accurate form of 
bearing failure prediction and will provide the most warning of an 
impending failure.  However, the costly exercises of developing 
purpose test beds (e.g. that proposed by (Lamari 2008) or individual 
bearing sensor fitments do not fall within the resources of this study.  
2. Furthermore, as Sucrogen Herbert Sugar mills operate with a fleet of 
7184 cane wagons, if we say on average there is four wheel bearings 
per wagon, this would total to 28,736 bearings requiring sensors or 
some form of delayed data post-processing.  
3. Visual monitoring has a low likelihood of success, increased safety 
risks and high ongoing expenditure. 
4. Lubrication analysis is not practical with the fleet size and the 
fitment requirements surrounding lubricant sampling. 
5. Thermography has higher outlay costs and lower flexibility with 
respect to handling of data, than for an infra-red based system. 
Condition Monitoring Method Decision Table 
Options 
Initial 
outlay of 
capital  
(1 high, 
5 low) 
Ongoing 
resource 
requirements 
(1 high, 
5 low) 
Expected 
risk 
mitigation 
(1 low, 
5 high) 
Reliability 
of system 
(1low, 
5 high) 
Expected 
Confidence 
of success 
(1 low, 
5 high) Totals 
Thermography 3 3 3 4 4 17 
Infrared 4 4 3 4 4 19 
Vibration 
analysis 1 3 4 4 5 17 
Acoustic 
analysis 1 3 4 4 5 17 
Visual 
Inspection 5 1 1 2 1 10 
Test bed theory 1 3 4 4 5 17 
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4.7 Conclusion 
A review of information relevant to the proposed implementation of an on-
line bearing predictive maintenance system for the rail transport sector of 
the Sugar industry was conducted.  Rolling element bearing function was 
described in the context of cane wagon bearing selection and design.   
 
Methods for predicting failure of rolling stock wheel bearings using were 
reviewed with respect to their suitability for a prototype system 
implementation.  Focus was place on identifying the measureable lead 
indicators for bearing failures and how the environmental conditions in 
which rolling stock operate may shape the selection of a suitable 
measuring/monitoring system.  Each identified methodology was assessed 
and compared using an Engineering decision matrix approach.  This process 
of selection identified an infrared sensor based system to be the most 
suitable avenue for development. 
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Chapter 5: Online Temperature Monitoring 
System 
5.1 Introduction 
This chapter identifies the required functions of a prototype system for 
measuring rolling stock bearing temperatures in-field.  Selection of system 
components that address these functional requirements is discussed and the 
final prototype system design is presented. 
 
5.2 Functional Requirements 
 
In order to develop a successful online bearing monitoring system, it is first 
necessary to review the possible instrumentation that can monitor bearings 
and their effectiveness in the environment discussed.  
 
The systems requirements and effectiveness must ensure the following; 
• Must measure bearing temperature non invasively and at the 
required frequency 
• Must record and process the temperature measurements to enable 
a logic decision 
• Must identify the wagon with the problem bearing 
• Must interact with current operating parameters (i.e. 
transportable and of robust design) 
5.3 System Concept Design 
 
Figure 5.1 shows the conceptual layout for the prototype system design. 
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Figure 5.1  A preliminary bearing condition monitoring system 
 
5.3.1 Infra-Red Temperature Sensor  
 
Hot axle boxes occur on rolling stock when inadequate wheel bearing 
lubrication or mechanical flaws cause an increase in temperature. If 
undetected (as depicted in Figure 4.5), the bearing temperature can continue 
to rise which can cause journal breakage resulting in derailment. Another 
problem is wheel binding, due to which the temperature of wheel tread rises. 
This can lead to skidded wheels, metal deposition on wheel tread causing 
wheel irregularity and other safety problems for the system. A detection 
system is therefore required to be developed to sense abnormal temperatures 
of axle boxes and wheels on a running train and communicate with a central 
control point for corrective action.  
 
With the large number of wagons (>5000) going through the full yard at 
Sucrogen’s Victoria Mill on a daily basis the temperature measuring device 
will need to be accurate and very responsive. From the above analysis the 
most effective (radiant heat transfer) response period to analysis the bearing 
temperature would be whist the wagons are still rolling into the yard.  
 
A commercially available infra-red laser sensor (PSC-CS-Laser) was 
sourced for consideration (Figure 5.2). With its heavy duty stainless steel 
industrial build, fast and highly accurate double laser aiming for real spot 
location at any distance, an optical resolution of up to 300:1 and a scalable 
4-20mA output, the PSC-CS-Laser is accurate to 1% and onboard 
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emissivity adjustment for optimal sensitivity.  Furthermore, the PSC-CS-
Laser is capable of taking a sample every nine milliseconds.   
Hence, for an axle box width of 150mm, the maximum measureable passing 
velocity of the wagon can be theoretically calculated as; 
  
  	  
 
  






 54

 !
 
 
Travel speed into the full yard is generally less the twenty-five (<25) 
kilometres per hour, so the speed of the instrument will be theoretically 
satisfactory for infra-red technology.  
 
 
Figure 5.2  PSC-CS-Laser Infrared Sensor 
As both ends of the axle wheel bearing housings need to be monitored, an 
additional Infra-red sensor would be required. An alternative could be to 
alter the placement of the device used, that is, only one device may be 
required if positioned at a 45 degree angle to the rail tracks and at a 
maximum distance of less than the manufactures specs for the outermost 
bearing to be monitored, as shown in Figure 5.3 below. This configuration 
reduces the costs associated with this system. However, the ability for this 
to accurately measure the temperature of the furthermost bearing can be 
affected by the wheel obstruction, as well as the maximum speed at which 
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the cane wagons travel, therefore requiring field testing for accurate bearing 
temperature readings. 
 
Figure 5.3  Concept Position 
 
5.3.2 Data Manager  
If bearing temperature changes due to maintenance related problems could 
be isolated from all the other factors that contribute to bearing heat, a 
properly designed monitoring device will detect bearing failure at an early 
stage before derailment. The technique is to take heat data from each 
bearing using the infra–red sensor on a common area of the axle box and 
compare the data with an ambient temperature ‘reference’ using a 
processing unit which is capable of both receiving the input, processing the 
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data and generating an output trigger function for integration with a wagon 
identification system.   
The output trigger in this case will need to inform the weight bridge 
employee that attention is required for that specific cane wagon because of a 
bearing fault. Hence, the control system consists of a subsystem and 
processes assemble for the purpose of obtaining a desired output with 
desired performance, given the specified input. 
The device selected to perform these functions was a Campbell Scientific 
CR5000 Data logger for measurement and control (Figure 5.4). The 
CR5000 provides precision measurement capabilities in a rugged, battery 
operated package. The system makes measurements at a rate of up to 5,000 
sample/seconds with 16 bit resolution. The CR5000 includes a CPU, 
keyboard display, power supply, and analog and digital inputs and outputs. 
The on board, basic like programming language includes data processing 
and analysis routines. The associated Loggernet proprietary software 
provides program generation and editing, data retrieval and real-time 
monitoring. 
 
Figure 5.4  Proposed Data Manager 
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5.4 Identification of wagons for corrective actions 
The monitoring system will need to run adjacent to the factory to connect 
into the current factory operating systems, with heavy vehicular traffic in 
the on and off season means the device will need to be transportable but 
secure and stable for accurate results. 
 
Currently the weigh bridge at each Sucrogen sugar mill is equipped for 
separation of deteriorated wagons via a service line with a pneumatic point 
changer.  The monitoring system would ideally be capable of sending a 
display of the faulty wagon number to the weigh bridge operator ahead of 
the wagon getting to the weigh station.  
 
Metal identification tags, more commonly known as ‘number plates’, is a 
visual recognition system currently used by Sucrogen for wagon ID, as 
shown in Figure 5.5. In order to identify the wagons due for preventative 
maintenance from a bearing condition monitoring system, the existing metal 
tag system will need to utilised, or a new system proposed. 
 
 
Figure 5.5  Metal Identification Tag (Sucrogen) 
The most popular monitoring systems currently in use today are Radio 
Frequency Identification Tags (RFID). RFID would make an obvious choice 
as the preferred recognition system if Sucrogen chooses to invest into a new 
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system. However as every cane wagon has a number plate mounted to both 
sides, system triggered high resolution photography is an alternative that 
may prove cost effective.  
 
Although crucial for the final system function, this aspect of the project is 
secondary to establishing the core success of the ‘measure, process, trigger’ 
functions of the system.   Once it is established whether the prototype 
system can take measurements, identify exceptions and trigger an 
identification system, the focus can then shift to either selecting an existing 
RFID system or investigating the use of high resolution photography.  
5.5 Power Source 
A battery power source will initially be used to power the system, with a 
preventative maintenance (PM) task introduced to replace the battery on a 
time based cycle.  However, a review of the CR5000 and sensor power draw 
identified that a small 20-40 Watt solar panel could provide sufficient 
charge for continual operation in the future. 
 
5.6 Equipment Housing 
Design of a supporting frame needs to consider the features that address 
flexibility in operation, environmental protection, manufacturable ease, 
Australian safety standards and user friendly for operators. In this situation, 
it is not only important to the testing gear on board, but it’s an ethical 
responsibility that the frame is structurally sound and weld characteristics 
are assessed for it to successfully perform its function. 
Because the transportation system is very seasonal in operations the frame 
will need to be relocatable in the off season to prevent damage from 
maintenance personnel working on the tracks and theft from the general 
public when no one is on site. Also to obtain the best results the frame may 
need to be moved several times in the full yard. 
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5.6.1 Material Selection 
Design and material selection are fundamentally important in minimizing 
failures and hence ensuring component reliability. Selecting the most 
appropriate material for an application is highly product dependent and 
situation dependent. All functional requirements and environments must be 
considered in order to satisfy design requirements as well as economic 
considerations. Dixon and Poli (1995) suggest a four-level approach to 
materials selection:  
• Level I: Based on critical properties, determine whether the part will 
be made from metal, plastic, ceramic, or composite. 
• Level II: Determine whether metal parts will be produced by a 
deformation process (wrought) or a casting process; for plastics, 
determine whether they will be thermoplastic or thermosetting 
polymers. 
• Level III: Narrow options to a broad category of material. Metals can 
be subdivided into categories such as carbon steel, stainless steel, 
and copper alloys. Plastics can be subdivided into specific classes of 
thermoplastics and thermosets, such as polycarbonates and 
polyesters. 
• Level IV: Select a specific material according to a specific grade or 
specification. 
In this approach, materials and process selection is a progressive process of 
narrowing from a large universe of possibilities to a specific materials and 
process selection. 
Levels 1 & 2 in this case it can quickly be narrowed down; the frame will 
need to be constructed of metal for the simplest fact that it’s the most cost 
effective method of construction and the material is readily available onsite. 
A combination of sheet plate, channel and angle will be used.  
 
In Levels 3 & 4, looking at the use of metal for the construction of the 
frame, Carbon steel must be at least 50% iron and must contain one or more 
alloying elements. These elements generally include carbon, manganese, 
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silicon, nickel, chromium, molybdenum, vanadium, titanium, niobium, and 
aluminium. 
 
Each chemical element has a specific role to play in the steelmaking process 
or in achieving particular properties or characteristics, e.g., strength, 
hardness, corrosion resistance, magnetic permeability, and machinability.  
 
For the original design, AS3678 (assume a grade of 250) was used on the 
substrate, elements include carbon (max 0.22%), manganese (max 1.7%), 
silicon (max 0.55%), nickel (max 0.5%), chromium (max 0.3%), 
molybdenum (max 0.1%), vanadium (max 0.3%), titanium (max 0.04%), 
and aluminium (max 0.1%). An acceptable corrosion rate for a relatively 
low-cost material such as plain carbon steel is about 0.25 mm/year or less. 
At this rate and with proper design with adequate environmental protection, 
a carbon steel frame will provide many years of low-maintenance service. 
5.6.2 Environmental Protection 
Environmental degradation of materials is often an important performance 
limitation. Metals that are often subjected to oxidation or electrochemical 
corrosion have a short life span, mainly due to their hash surrounding 
environment and lack of protection. Some metals form protective oxides but 
many do not.  Different metals behave quite differently according to the 
presence of other metals (a galvanic couple). In a few cases, metals are 
chemically attacked, for instance, special care must be taken with the 
weldment on the frame as stress concentration cracking/corroding could 
occur with electrode not of a similar metal, thus acting in a cathode and 
anode environment. 
The most widely used methods of corrosion protection today are the 
application of nonmetallic coatings. This includes organic coatings and 
liners, porcelain enamel, and chemical-setting ceramic linings. Surface 
preparation is very important for coating life and effectiveness. Two types 
of corrosion protection will be considered for this application; 
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5.6.2.1.1 Hot-dip coatings 
The coating is applied by immersing the metal in a molten bath of coating 
metal. Typical hot-dip coated materials include zinc-coated steel 
(galvanized steel). The advantages of these coatings include the ability to 
coat recessed areas with minimum coating thickness, resistance to 
mechanical damage, and good resistance to corrosion.  
5.6.2.1.2 Auto-Oxidative Cross-Linked Resins 
All of the coatings in this class contain drying oils, which consist mainly of 
polyunsaturated fatty acids and undergo film formation by oxidation drying. 
Cross-linked resins include alkyd resins, modified alkyd resins, and epoxy 
resins. 
The alkyd resins are the most common coating systems used to combat 
corrosion. These are not known for their exceptional chemical, alkaline, or 
moisture resistance; however, the ease of application, low cost, and ability 
to penetrate the surface, even surfaces that are poorly prepared, make alkyds 
one of the best choices for steel protection not directly in contact with harsh 
chemical environments.  
5.6.3 Housing Design and Analysis 
The equipment housing was designed with consideration of the following 
requirements: 
1. Must provide safe mounting locations for key system components. 
2. Must be highly visible in the operating environment. 
3. Must provide flexibility for the movement of the sensor (height 
adjustment). 
4. Must be structurally sound and rigid with respect to ground 
excitation from passing trains. 
5. Must provide for ease of relocation. 
Figure 5.6 shows a prototype frame design aimed at meeting the above 
requirements. The frame was developed and analysed using Solidworks©. 
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Figure 5.6  Prototype Frame design 
 
5.6.4 Structural Analysis 
The frame design was analysed with respect to static loads and susceptibility 
to frequency excitations. 
5.6.4.1.1 Static Loading 
Two load cases were evaluated. A test load of 200kg was decided upon for 
loading of the structure’s base. This load was applied as a pressure load and 
represents a safe limit above that of the frame self weight and the weight of 
system components.  A second test load of 100kg was applied as a pressure 
load at the top rail of the frame as a check of stresses that may develop from 
persons resting on the frame. 
Figures 5.7 and 5.8 show the resulting deflection and Von Mises stress 
levels under the combination of the two test loads.  As can be seen in the 
figures, maximum stress (30MPa) and deflection (0.24mm) levels are within 
acceptable material strength and serviceability limits for the 250 grade steel 
used. 
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Figure 5.7  Deflection of the testing frame 
 
 
Figure 5.8  Von Mises stress levels in the test frame 
5.6.4.1.2 Modal Analysis 
Mode shape analysis was conducted to evaluate the frame’s stiffness with 
respect to excitations from the passing trains.  Two key frequencies were 
considered, namely excitation from a damaged wheel and excitations from 
wheels passing over track perturbations. 
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5.6.4.1.3 Damaged wheel Frequency 
A perturbation or other damage on a wheel will generate a frequency of 
excitation as it rotates around whilst travelling along the rail.  This 
frequency is maximum at the maximum train speed (25km/h or 6.94m/s) 
and relates to the wheel diameter as follows: 
"#$%&	   6940**/,/-. #%*/#& ** 
Considering that there are two wheel sizes in the fleet (13” and 15”) the 
circumference range of interest is 1037mm to 1197mm.  Using the above 
equation, this corresponds to a frequency range of 5.8Hz to 6.7Hz.  Hence it 
is desirable for the frame to have a first fundamental mode shape frequency 
above this range. 
5.6.4.1.4 Track Perturbation frequency 
 A connection, perturbation or other damage on the rails will generate a 
frequency of excitation as the wagons pass over the perturbation.  This 
frequency is maximum at the maximum train speed (25km/h or 6.94m/s) 
with the minimum wheel spacing of the 4 tonne wagons, and relates to the 
wheel spacing as follows: 
Frequency = 6940(mm/s)/wheel spacing (mm) 
Considering that the 4 tonne wagon wheel spacing is 1530mm to 1980mm 
the frequency range of interest is 3.5Hz to 4.5Hz.  Hence it is desirable for 
the frame to have a first fundamental mode shape frequency above this 
range. 
5.6.4.1.5 Modal Analysis Results 
Figures 5.9 and 5.10 show the first two mode shapes of the frame structure.  
Note the first fundamental frequency of the structure is 35Hz, which is well 
above the identified problem frequencies. 
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Figure 5.9  Frame first fundamental mode shape frequency 
 
 
Figure 5.10  Frame second fundamental mode shape frequency 
 
5.7 Final system Design 
Final system design consists of the above frame as a base; the thermal 
bearing monitoring sensor will consist of an infra-red PSC-CS laser, based 
on cost, accuracy, risk mitigation and ease of use when integrating it into the 
Sucrogen infrastructure and current operating environment. The logging 
system will be a Campbell Scientific Australia CR5000 Measurement and 
Control data logger which is capable of reading the managing the samples 
for logic decision making and future integration with a wagon ID system. 
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5.8 Conclusion  
The key functions of a prototype system for measuring rolling stock bearing 
temperatures in-field were identified and a system layout was determined.  
Selection of system components that address the functional requirements 
were identified and procured for the prototype system.  Design analysis 
using Solidworks modelling and Finite Element Analysis was conducted to 
develop a housing frame for the prototype system.  Consideration of static 
loads and susceptibility to local excitation sources was undertaken in the 
analysis phase.  A review of environmental protection for metals was 
carried out, leading to selection of the frame steel grade and coatings for 
degradation prevention.  The frame design was proven through this analysis 
to be structurally sound.   
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Chapter 6: Experimental Testing 
6.1 Introduction 
This chapter details the sighting trials conducted to evaluate the function of 
the sensor and a small experimental program aimed at evaluating the overall 
system success with respect to a ‘measure, record, trigger’ function. Infar-
red heat signatures and energy data were captured in a controlled 
environment in all experiments, forming a base for numerical analysis. The 
first experiment (referred to as the ‘cold cup’ test) involves a cup filled with 
water and frozen in a conventional house hold freezer to get an accurate 
zero reference point. The second experiment (referred to as the ‘heat pad’ 
test) utilised actual cane wagons in a fault bearing test scenario simulated 
with the use of a heat pad on the axle box of a test wagon. The third 
experiment (referred to as the ‘rake’ test) utilised a locomotive with a rake 
of cane wagons to assess the system in a ‘real life’ online measuring 
scenario.       
6.2 Sighting trial – the ‘Cold Cup’ test 
A preliminary trial was conducted to evaluate the sensor’s ability to measure 
temperature accurately and also to identify the temperature of a moving 
object passing the sensor at speed.  For a known temperature source, a cold 
cup was used, as this is known to be at zero degrees surface temperature.   
The sensor was wired into the data manager and the manager was 
programmed to sample the sensor at 100Hz. This program is contained in 
Appendix G. 
6.2.1 Aims and scope of the experimental program 
The aims of the cold cup test are to: 
1. Establish system connectivity and sensor function 
2. Identify whether logger can effectively sample at 100Hz 
3. Investigate the sensor’s ability to respond to passing a known 
temperature source across on the sensor viewing area at different 
speeds. 
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The scope of the experiment is as follows: 
1. Connect infra-red sensor to logger with shielded cable to reduce 
noise 
2. Program data logger to receive samples from the sensor at 100Hz 
3. Set up distance, emissivity, azimuth, angle, slop of infra-red sensor 
on cold cup as target 
4. Record temperature measurements with the cold cup static in front 
of the sensor 
5. Record temperature measurements with the cold cup being passed 
across the sensor path at varying (unknown) speeds 
6. Review the collected temperature data with respect to the system’s 
capacity to accurately record the temperature of a moving object 
6.2.2 Apparatus 
Ice in a plastic cup was prepared in a conventional freezer at minus 
seventeen degrees (-170C) for a period of seventy two hours (72hrs) before 
the trial date. The data collection was carried out at a table in the shade to 
preserve the iced sample.  Several specimens were used to ensure the 
sample was at the nominal zero degrees during all data collection periods. 
The sensing equipment as outlined in chapter 5 consisted of a PSC-CS-
Laser and the Campbell Scientific CR5000 datalogger.  
The PSC-CS-Laser uses radiation in the infra-red spectrum to detect energy 
from the surface of an object, in this case the surface of the plastic cup filled 
with ice. In practise most surfaces do not behave like black bodies. A 
blackbody is an ideal radiator, emits and absorbs at any temperature the 
maximum possible amount of radiation at any given wavelength’ (Kreith, 
Manglik et al. 2009), therefore dimensionless qualities such as the 
emissivity, absorptivity and transmissivity are used to relate the capabilities 
of a real surface to that of a blackbody. The PSC-CS-Laser allows the user 
to adjust the emissivity when calibrating the laser to the body emitting 
energy. Absorptivity and transmissivity can only be controlled with the 
selection of the body emitting energy, for this reason a dark colour cup was 
selected with minimal wall thickness. 
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Figure 6.1  Apparatus used for the Cold Cup test 
 
6.2.3 Procedure 
The experiment was conducted within 1 minute of the cup leaving the 
freezer, 1 cup was taken out of the freezer at a time and all cups were 
discarded after a period of 3 minutes.  
 
The PSC-CS-Laser’s double laser aiming beams were utilised to establish 
the passing zone for the ice cup samples.   A black material backdrop was 
placed behind the passing area for the samples. 
 
Static samples were taken with the system connected to a laptop computer.  
The ice cup was measured at between -0.2 deg C and 0.2 deg C. 
 
The data logger was triggered to record data at 100Hz.  The ice cup samples 
were then passed in front of the sensor at different (unknown) passing 
speeds, ranging from slow to as fast as humanly possible. 
6.2.4 Error in experimental measurements  
The sources of measurement error are shown in Table 6.1. The effects of 
these errors on secondary quantities such as temperature of the ice cup, 
emissive power and impurities in the test environment are marginal and 
considered acceptable for this trial. 
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Primary error source Error 
PSC-CS-Laser Accuracy: ±1 % or ±1°C 
PSC-CS-Laser Repeatability: ±0.5 % or ±0.5 °C 
CR5000 Analog Voltage 
Accuracy: 
±0.05% FSR, 0° to 40°C 
Table 6.1  Primary experimental errors – Cold Cup Test 
 
6.2.5 Experiment results 
Figure 6.2 shows the recorded temperature data from the cold cup 
experiment.  As can be seen from the data, the sensor was capable of 
reading the zero degree ice bath temperature both statically and at varying 
speeds.  However, certain, high speed passes were not completely identified 
by the sensor, in that the temperature response of the sensor limited the 
measured temperature above the known actual temperature of the ice bath.  
This highlights that the prototype measuring system has a speed limitation 
point that needs to be established with respect to: 
1. The actual operating speed range of cane wagons (0-25km/h); 
2. The size of the target axle boxes (approximately 130mm across). 
Hence a second in-field testing program was developed to simulate a hot 
bearing travelling past the sensor at known speeds.  This is covered in the 
following section. 
 
 
 
 
USQ Faculty of Engineering and Surveying 50   Aston Craig (0050027629) 
 
Figure 6.2  Cold Cup test results 
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6.3 Controlled speed trial – the ‘Heat Pad’ test 
A preliminary field trial was conducted to evaluate the sensor’s ability to 
measure the temperature of a moving, wagon axle-sized target accurately 
across the normal operating speed range.   
6.3.1 Aims and scope of the experimental program 
The aims of the heat pad test were to: 
1. Simulate the true operating environment of wagons on the rail 
lines passing the sensor 
2. Investigate the sensor’s ability to respond to a simulated ‘hot 
box’ passing at known speeds across the sensor viewing area. 
 
The scope of the experiment is as follows: 
1. Connect infra-red sensor to logger with shielded cable to reduce 
noise 
2. Program data logger to receive samples from the sensor at 100Hz 
3. Set up distance, emissivity, azimuth, angle, slop of infra-red sensor 
on an actual cane wagon axle on the rail line 
4. Record temperature measurements  
5. Review the collected temperature data with respect to the system’s 
capacity to accurately record the temperature of an axle sized target 
passing the sensor. 
 
6.3.2 Apparatus 
For a known temperature source, a 24V, 210 Watt heat pad was used.  The 
heat pad was noted to be of similar colour and expected emissitivity as a 
real axle box.  This heat pad was placed over the axle box of a test wagon 
and masked with white tape to represent the appropriate size of target. This 
is shown in Figure 6.2.   
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Figure 6.3  Heat Pad attached to the axle box 
 
The heat pad was powered using two 12V car batteries in series to produce a 
24V signal as shown in Figure DD.  The batteries were wired into the test 
wagon for security. 
 
Figure 6.3  24V battery set up in the cane wagon 
 
The system was used with the connectivity and programming that was 
established in the cold cup experiment.  A shade gazebo was set up and the 
data logger and laptop setup on a table as shown in Figure 6.5.   
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A tractor with a GPS unit installed was utilised to move the test wagon past 
the sensor station at known speeds, as shown in Figure 6.4.   
 
Figure 6.4  Tow vehicle and test track 
 
Figure 6.5  Shade gazebo test set up 
The PSC-CS-Laser’s double laser aiming beams were utilised to establish 
the passing zone for placement of the sensor.   A cardboard and hessian 
cover was placed over the sensor to protect it from direct sunlight as shown 
in Figure 6.6. 
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Figure 6.6  The PSC-CS-Laser 
To check the accuracy of the sensor a thermography camera was borrowed, 
this maintained a cross reference of temperature. The thermography camera 
used is a EasIR2 handheld thermography camera and is shown in Figure 6.7 
(see Appendix E for more information on this device). 
 
Figure 6.7  Thermographic camera used in the testing 
6.3.3 Procedure 
The experiment was conducted within 1 minute of the recording the current 
temperature of the heat pad using an infra-red thermography camera.  
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The tractor was connected to the test wagon and the tractor accelerated to a 
target speed and maintained that speed as the test wagon passed the sensor 
location.  Two test speeds were recorded, 10km/h and 28km/hr.  Three 
repeat tests were carried out for each experiment.  
 
Firstly, 10km/hr represents a feasible control speed for a section of rail to be 
used as the test section for trains during normal service.  That is, trains 
coming off a high speed section and slowing to 10km/h for the purpose of 
sampling is within the possibilities of implementation of the system in real-
life conditions. Secondly, 28km/hr represents a speed 10% greater than the 
25km/hr maximum speed limit for the trains in the Herbert district.   
 
Note these speeds were also conveniently used because they corresponded 
with maximum throttle at high and low gear settings on the tractor and were 
therefore highly controllable. 
 
The data logger was triggered to record data at 100Hz during each passing 
of the wagon.  The temperature of the heat pad was again recorded with the 
thermography gun after each test run to establish the likely temperature of 
the pad at the time of sensor readings of the simulated hot axle. 
 
At each test speed, photography was taken of the passing wagon using a 
Canon EOS 40D digital SLR camera.  This was done to establish a 
likelihood of success for the proposed use of a camera to ID wagons when 
triggered from the data manager due to a measured temperature exception. 
6.3.4 Error in experimental measurements  
The sources of measurement error are shown in Table 6.2. The effects of 
these errors on secondary quantities such as temperature of the heat pad, 
emissive power and impurities in the test environment are marginal and 
considered acceptable for this trial. 
 
USQ Faculty of Engineering and Surveying 56   Aston Craig (0050027629) 
Primary error source Error 
PSC-CS-Laser Accuracy: ±1 % or ±1°C 
PSC-CS-Laser Repeatability: ±0.5 % or ±0.5 °C 
CR5000 Analog Voltage 
Accuracy: 
±0.05% FSR, 0° to 40°C 
Thermography Accuracy  ±2°C or ±2% of reading 
 
Table 6.2.  Primary experimental errors – Heat Pad Test 
6.3.5 Experiment results 
Figures 6.8 and 6.9 show the recorded temperature data from two heat pad 
experimental runs, at 28km/h and 10km/h, respectively.  As can be seen 
from the data, the sensor was capable of identifying axles passing the sensor 
at both of the test speeds.   
 
Figure 6.8  Heat Pad test results at 28km/h 
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Figure 6.9  Heat Pad test results at 10km/h 
Figure 6.8 shows a hypothesised dust delay which is attributed to a 
combination of the tractor and the cane wagon stirring the dry environment 
at the high speed, this was escalated due to the location of the experiment 
and the abnormal hot dry weather in the Herbert district at the time of the 
experiment. Because of this dust, the sensor registering the energy between 
axles did not allow ambient temperature to be maintained. An option 
considered from this would be to install a black backdrop, this would 
maintain a high ambient reference temperature, and the change in 
temperature would be consistently less.  
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6.3.6 Photography discussion 
As noted above, photography of the passing wagon was taken during testing 
at each of the test speeds.  Figure 6.12 shows an example of images taken at 
10km/hr.  It is noted that the ID plate on the test wagon was much 
deteriorated and could be considered essentially as a ‘worst case’ ID plate 
scenario. 
This being the case, the camera was capable of providing a clear image at 
10km/h in the test environment.  However, the camera was not capable of 
capturing a clear image at 28km/h in the test environment.   
It must also be noted that there are many possible improvements that could 
be made to improve the photography at higher speeds.  These include using 
a closer, higher resolution image area at the ID plate level, using a dark 
backdrop (even the cane in a full wagon for example, as testing will likely 
be carried out on full wagons returning to the mill) and improving the local 
lighting with a flood light mounted as part of the system). 
Whilst the photography trial was conducted in an uncontrolled manner, it 
was useful in that it clearly identified potential for the method to be used 
with the measuring system as a suitable identification mechanism. 
 
Figure 6.12  Wagon 07564 ID image taken at 10km/h  
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6.4 Field Trial – The ‘Rake’ Test 
A field test was conducted as a final trial to evaluate the sensor’s ability to 
measure the temperature of a moving rake of cane wagons, therefore 
providing a basis on which to conclude if the sensor is able to perform the 
intended temperature logging duty in the actual operating environment.  
6.4.1 Aims and scope of the experimental program 
The aims of the rake test were to: 
1. Operate the prototype system with a locomotive towing a rake of 
wagons on a section of main line rail. 
2. Investigate the sensor’s ability to respond to typical in-service 
train operation. 
 
The scope of the experiment is as follows: 
1. Connect infra-red sensor to logger with shielded cable to reduce 
noise. 
2. Program data logger to receive samples from the sensor at 100Hz. 
3. Set up distance, emissivity, azimuth, angle, slop of infra-red sensor 
on an actual cane wagon axle on the rail line. 
4. Record temperature measurements with the rake of wagons passing 
the sensor at typical operating speed. 
5. Review the collected temperature data with respect to the system’s 
capacity to accurately record the temperature of wagon axles passing 
the sensor in a genuine operating context. 
 
6.4.2 Apparatus 
The use of 24 tonne locomotive with a rake of 90, 11 tonne cane wagons on 
the main line was passed through the sensor. The locomotive was stopped to 
position the sensor on the axle box, the train was then instructed to 
accelerate to 20km/hr and maintain this speed past the sensor. Figure 6.13 
shows the position of the sensor on the axle box chosen for optimum results.  
Figure 6.14 shows the locomotive and wagons used in the rake test. 
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Figure 6.13  Sensing location on the axle box 
 
 
Figure 6.14  Locomotive with 11t bogied cane wagons 
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The prototype system was used with the connectivity and programming that 
was established in the last two experiments.  The data logger, sensor and 
laptop were all setup on the frame as shown in Figure 6.15. 
 
Figure 6.15  Frame fitted with sensor and data management components 
6.4.3 Procedure 
The experiment was conducted within 6 minutes of the locomotive stopping 
to position the sensor. The 24 tonne locomotive connected to the 11 tonne 
cane wagons accelerated to a target speed and maintained that speed as the 
test wagon passed the sensor location.  This speed was recorded from the 
onboard GPS system and radioed back for confirmation, test speed recorded 
at 20km/hr.   
 
The 20km/hr represents a feasible controlled speed for the section of rail 
selected during normal service.  That is, for the purpose of sampling it’s 
within the possibilities of implementation speed of between 10km/hr and 
25km/hr. The data logger was triggered to record data at 100Hz when the 
locomotive approached the frame. 
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6.4.4 Error in experimental measurements  
The sources of measurement error are shown in Table 6.4. The effects of 
these errors on secondary quantities such as temperature of the ice cup, 
emissive power and impurities in the test environment are marginal and 
considered acceptable for this trial. 
 
Primary error source Error 
PSC-CS-Laser Accuracy: ±1 % or ±1°C 
PSC-CS-Laser Repeatability: ±0.5 % or ±0.5 °C 
CR5000 Analog Voltage 
Accuracy: 
±0.05% FSR, 0° to 40°C 
 
Table 6.4  Primary experimental errors – Rake Test 
 
6.4.5 Experiment results 
Figures 6.16 and 6.17 show the recorded temperature data from the 
experiment.  As can be seen from the data, the sensor was capable of 
identifying axles passing the sensor at the 20km/h test speed.   
Figure 6.16  Rake test results - 90 x 11t wagons 
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Figure 6.17 Rake test results (zoomed to show 16 wagons of data) 
 
The data in Figure 6.17 show two consecutive spikes within each crest.  
Based on speed and sampling frequency, each crest represents a bogie (2-
axle) assembly.  Hence the two spikes are the peak measured axle box 
temperatures of the two bogie axles, respectively.   The elevated measured 
temperature that is maintained between the two axle peaks on each bogie is 
the measurement of the swing-bar (i.e. steel plate) that joins the two axles. 
 
As can be seen in Figure 6.17, the second spike (or axle) within each bogie 
was generally measured as being hotter than the first. The hypothesis 
presented for this is that the front bogie axle is running cooler due to 
convective cooling at a velocity of 20km/hr.  It is probable that the back 
axle may have a streamline or turbulent flow effect causing the majority of 
the convective cooling to only affect the front axle.  This hypothesis is 
supported by the data collected during the het pad test, where the non-heated 
single axles of the 4 tonne wagons were measured to be of uniform 
temperature. 
 
The average axle temperature from the rake test data was found to be 43 
degrees Celsius with only 12 exceptions greater than 47 degrees Celsius. 
The highest temperature was found to be 52 degrees Celsius.  Furthermore, 
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only two of the 300+ axles measured were recorded at over 50 degrees 
Celsius.  Hence, in lieu of further data, 50 degrees Celsius could be 
considered as a starting point for defining a pre-alarm point for the 11 tonne 
wagon bearings.  When the system is fully integrated with a wagon ID 
mechanism, this set-point can provide the starting point for conducting a 
bearing condition assessment program for sample bearings identified by the 
system to be running at over 50 degrees Celsius. 
 
Finally, it would be fair to say that the 11 tonne wagon is considered the 
pride of the fleet and bearing failure has not been prominent since 
commissioning in 1996. The 4 tonne cane wagons are generally greater than 
35 years old and monitoring these wagons will provide the largest payback 
as bearing failure is proven to be more prominent due to the age of many of 
these bearings. However, testing was necessary for the 11 tonne wagons (in 
addition to the heat pad test carried out on the 4 tonne variant) to prove the 
sensor will responds well to the bogie wheel axles.   
 
6.5 Conclusion 
Experimental testing was conducted to identify the prototype system’s 
performance with respect to measuring and recording cane wagon axle 
temperatures.   
 
The ice cup test was used to establish the sensor’s accuracy in measuring a 
known temperature object.  This test established the sensor configuration 
was appropriate and accurate.  Furthermore, the sensor was identified to 
have a limitation in regards to the velocity of a passing object and the effect 
on the sensor response time.  This prompted the need for a more controlled 
experiment that would represent the actual scenario of in-field testing.  
 
The heat pad test was used to establish whether or not the prototype system 
limitation was outside of the operating speed range of the wagon fleet.  
Controlled speed tests were carried out using a GPS tractor to pass a 
controlled heated axle across the measuring system at speed up to and 
exceeding the maximum loco speed limit of 25km/h.  The results from this 
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trial highlighted the system’s success in measuring the hot axle across the 
range of operating speed.  However, concurrent photography trials using a 
Canon EOS 40D digital SLR camera identified that a speed of 10km/h was 
ideal for obtaining legible evidence of wagon ID, via images captured of the 
wagon ID plate.  Hence 10km/h is considered a suitable speed limit for in-
field testing into the future. 
 
A final rake test was carried out to evaluate the performance of the system 
in the ‘real life’ scenario.  Data was captured for a full rake of 300+ axles 
and the system was identified to be successful at identifying axles at up to 
the maximum test speed of 20km/h. 
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Chapter 7: Findings and Recommendations  
7.1 Introduction  
This chapter concludes on the project work undertaken, discusses the 
findings and provides recommendations for system improvements and 
future work. 
7.2 Results and Discussion 
Results from the experimental testing program highlighted that the proposed 
methodology for the identification of hot cane wagon axle bearings is 
sound.   
 
Evidence of the sensor’s accuracy was provided through the use of an ice-
bath calibration test.  This test also identified that a passing velocity 
limitation existed for the sensor/data manager system, due to the response 
time of the sensor.  
 
A subsequent testing program was conducted with a known temperature 
‘artificial’ hot bearing box to establish the response of the sensor to passing 
axles at known speeds within the operating range and environment used in 
practice.  These experiments identified that the sensor performance was 
satisfactory across the operating speed range of the cane trains. 
 
Concurrent trials of digital SLR photography identified that this will likely 
be the limiting factor for speed in the final system configuration.  Having 
said this, there were many possible improvements for the photographic 
methodology identified during the testing and review of the photography 
collected.  These are covered in more detail in the following section. 
 
As a final test of system suitability, the sensor and data manager 
arrangement was positioned rail-side in the testing frame and tested by 
recording infra-red temperature measurements of passing wagon axles on an 
operating locomotive.  Speeds of up to, and consistently holding 20km/h 
were recorded. 
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The prototype measuring system was capable of identifying each axle and 
recording the temperatures.  Over 300 axles were sampled during this test.  
An average axle temperature of 43 degrees Celsius was determined, with 
only two axle bearing boxes recording peak temperatures over 50 degrees 
Celsius.  The 50 degrees Celsius temperature was therefore identified as a 
good starting point for further investigations into axle pre-alarm temperature 
levels. 
 
A notable trend of the leading axle of each wagon bogie being hotter than 
the second was observed.  This was attributed to the convective cooling 
effect on the leading axles being more significant.  That is, the leading axle 
breaks the wind flow and shields the second axle to a varying degree.  This 
was not the case for the 4 tonne wagons tested in the heat pad test and it is 
the 4 tonne wagons that are of primary focus for the prototype measuring 
system due to increased failure rates and longer service periods of the aging 
4 tonne fleet. 
7.3 Recommendations and Future Work 
The system development and testing undertaken in this project has led to 
significant conclusions regarding the suitability of the proposed 
methodology of using infra-red sensing for the prevention of bearing 
failures causing cane train derailments.  However, further research into 
many aspects of the final system is required to get from the current point of 
development to a fully functional rail-side system that is integrated with 
existing Sucrogen factory management systems.  Key identified research 
focus areas are discussed in the following sub-sections. 
 
7.3.1 Sensor Positioning 
It was identified that if the sensor could be positioned at 45 degree angle 
with the line of rail traffic and successfully pick up all wagon bearing box 
temperatures, then only one sensor may be required in the final system 
configuration, rather than a sensor on each side of the tracks. 
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Unfortunately, the sensor used in the study had focal characteristics that did 
not provide a suitable spot size over the range of distance required to sense 
both near-side and far-side axle boxes.  An alternative variant with differing 
focal characteristics could be purchased for this experiment. 
 
However, considering the low-cost of the sensor ($1,500), having one on 
each side is likely a better outcome as this will provide identical spot sizes 
for all sample measurements of axle boxes.  The data manager is also 
capable of multi-sensor integration and the required logic programming 
functionality to enable this development. 
 
7.3.2 Measuring System Improvements 
In terms of the layout of the system there are improvements that can be 
made to the design.  These include: 
1. Second sensor as discussed in the previous section. 
2. Use of matt-black backdrops for the sensor/s to give consistent non-
axle measurements for reference. 
3. Better shrouding of the sensor/s using, for example, insulation lined 
aluminium awnings over the sensor/s. 
4. Better all-weather protection from the frame. 
5. Solar panel as the system power source. 
 
7.3.3 Rail-side testing 
Further main line rail-side testing should be carried out with the following 
considerations: 
1. Testing of rakes of 4 tonne and 10 tonne wagon variants to expand 
on the data of the rake test conducted in this study. 
2. Testing of full and empty wagons for identification of typical and 
notable axle box temperatures under all loading scenarios, with 
respect to main-alarm and pre-alarm temperature level set-points. 
3. Extensive testing at more speeds inside the operating range. 
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7.3.4 Data Utilisation 
The existing and future data should be used to evaluate the expected 
performance of the current lubrication used on the bearings to identify 
suitability and expected life of the grease.  Furthermore, the data should be 
used to compare bearing performance for variants in the system and to 
identify the best performing bearing types for future wagons. 
 
7.3.5 Wagon ID System 
This study has identified, but only touched on the use of digital SLR 
photography as a low cost wagon ID system, when compared with other 
existing systems such as the use of RFID tagging.   
 
It is envisaged that in the final system design, the data manager will decide 
the requirement to alarm, trigger an output and this output will activate 
photography or an alternative ID mechanism to get the wagon number and 
inform the factory before the wagon arrives in the yard.   
 
In this study, digital SLR photography was shown to be able to clearly 
capture the wagon ID plate as the wagon passed the sensor at 10km/h.  
However the following improvements can be made to the photographic 
environment to get cleaner and faster images: 
1. Using a closer, higher resolution image area at the ID plate level.  
2. Using a dark backdrop (even the cane in a full wagon for example, 
as testing will likely be carried out on full wagons returning to the 
mill)  
3. Improving the local lighting with a dedicated flash or flood light 
mounted as part of the system, depending on power availability. 
Once a suitable test speed for photography has been identified with the 
above improvements, the focus should then be on identifying the system 
‘measure-to-trigger’ delay and the associated positioning of the camera with 
respect to the sensor. 
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In addition, the use of modern modem technology needs to be trialled with a 
suitable digital SLR camera to enable the transfer or posting of images to 
the factory. 
 
7.4 Conclusion  
This project has identified a suitable low-cost measuring system for 
identifying and recording cane wagon axle bearing box temperatures on-
line.  The system comprises of a high speed infra-red sensor connected to a 
data manager that can record and process measurements with programmable 
logic.  Photography has been identified as a promising and very cost-
effective means for linking the temperature measurements to the alarming 
for wagons to be removed from service for bearing repairs/inspections. 
The summary of findings from the research undertaken is that the prototype 
system has a high potential for success as a derailment reduction tool, via 
positive identification of problem bearings before failures occur.  A detailed 
scope of the future direction for the research has been provided to enable the 
system to develop into a stand-alone condition monitoring tool for 
Sucrogen.  This work will continue as part of the current Sucrogen R&D 
Capital expenditure project. 
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Appendix A – Project Specification  
 
Faculty of Engineering and Surveying 
 
Courses ENG4111/4112 RESEARCH PROJECT Part 1 & 2 
 
Project Specification 2011 
 
Student:  Aston Craig  
 
Student No.: 0050027629 
 
Supervisor: R Fulcher 
 
Sponsor: Sucrogen  
 
Title: Fleet bearing monitoring system 
 
Aim:  
To research solutions to monitoring bearing temperatures on rolling stock at speed 
and relate this back to usable data for maintenance strategies to predict bearing 
failures. 
 
Objectives: 
 
1. To undertake a literature review of the bearings currently being used, the 
equipment required to monitor the bearings, and the operating control 
parameters around using this equipment.  
 
2. Define and describe current system maintenance strategies for controlling 
bearing failures and benchmark systems of the industry. 
 
3. Identify significant problems with uncontrolled bearing failure due to a 
lack of condition monitoring system. 
 
4. Propose solutions to the identified problems by recognising alternative 
methods. 
 
5. Conduct a cost benefit analysis of the suggested solutions. 
 
6. Formally make a report of your findings to the sponsored company. 
 
7. If time permits, report on any implemented solutions. 
 
8. Write a dissertation of the project work. 
 
 
 
Student: AJC   Date: 21/03/2011 
Supervisor: Robert Fulcher    Date:
 26/03/2011 
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Appendix B - Safety Concerns  
 
Whilst a considerable amount of this research project will be theoretically 
involved, the remanding practical aspects will need to consider compulsory safety 
management. Effective safety management at the design stage can minimise risks 
to the health and safety of people who subsequently construct, occupy and maintain 
items of plant and structure. 
 
It is therefore necessary in the early stages of this project to identify the possible 
aspects that could incur a hazard and manage the risk appropriately. This project 
consists of construction of a instrumentation test rig, conduct site visits  to install 
and monitor the test rig, also including a equipment analysis on the cane wagons 
themselves to understand the operation.  
 
When carrying out the job site visits, it is imperative that the company policies are 
followed. These company policies include a combination of site specific and the 
Australian Workplace Health and Safety Legislation 1995 rules and regulations. As 
a employee or visitor to any industrial site it is the obligation of the employee and 
one self to remain safe and maintain safe equipment.   
 
The hierarchy of control below will be used to administer the risks for my planned 
work in this project. Each hazard will be considered independently and scored on a 
risk matrix process as shown in the Risk Assessment Analysis Sheet below. A 
control flowchart has been added to support my method. 
 
 
 
 
 
Hierarchy of Control – EEA Safer Construction 
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OHS Risk Control Flowchart – EEA Safer Construction 
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RISK ASSESSMENT ANALYSIS SHEET 
 Dept:  Engineering 
Manager/Supervis
or 
Aston Craig 
Persons at Risk: 4 
IDENTIFICATION 
Risk Name (Short):  Welding Risk Number: 1 
Risk Name (Full):  Welding Instrumentation Rig bracket   
Risk(s) Dependent on 
this: 
Thermal Energy, Human, Electrical  
This is dependent on: Contact with skin, Repetitive Movement, Electric shock  
Narrative account of the Risk: (Describe fully) 
Person using welding machine may come into contact with hot object or obtain a welding flash. Also electric shock between 
electrode and earth is possible.  
Event: (Describe fully) 
To complete project a test rig for monitoring bearing must be fabricated, this evolves a number of this one including welding.  
What can promote the Event?: (Describe fully) 
Weather conditions, Human Error, Machine Faults  
Consequence: (Describe fully) 
Burn to Skin, Electric Shock, Welding Flashes,  
 
Likelihood:  C Consequence: 3 Qualitative Risk Reading: S13 
Risk response level: (tick)   
From 23 20 11 4 1 Priority/Criticalit
y 
 High  Medium  Low  None 
To 25 22 19 10 3 Likely 
occurrence 
1 in 10 
Level      Treat risk?  Yes  No 
SUGGESTED TREATMENT 
Suggested treatment:  
 Prevent  Mitigate  Avoid  Transfer  Retain (or Accept) 
If prevent, mitigate, avoid => 
how? 
Take two, Stop think act, physical barriers, PPE, only work in fine weather conditions, 
QA checks 
Contact Point:  Aston Craig Date:   14/05/2011 
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RISK ASSESSMENT ANALYSIS SHEET 
 Dept:  Engineering 
Manager/Supervis
or 
Aston Craig 
Persons at Risk: 4 
IDENTIFICATION 
Risk Name (Short):  Hand Tools Risk Number: 2 
Risk Name (Full):  Fixing Equipment to Instrumentation Rig bracket   
Risk(s) Dependent on 
this: 
Impact, Gravitational   
This is dependent on: Cuts, Gashes, eye damage, strains and sprains  
Narrative account of the Risk: (Describe fully) 
Person using hand tools could slip and cause injury.  
Event: (Describe fully) 
To complete project a test rig for monitoring bearing must be fabricated, this evolves a number of this one including screwing, 
drilling and hitting.  
What can promote the Event?: (Describe fully) 
Weather conditions, Human Error, Machine Faults, tool fails 
Consequence: (Describe fully) 
Cuts, Gashes, eye damage, strains and sprains 
 
Likelihood:  C Consequence: 2 Qualitative Risk Reading: M18 
Risk response level: (tick)   
From 23 20 11 4 1 Priority/Criticalit
y 
 High  Medium  Low  None 
To 25 22 19 10 3 Likely 
occurrence 
1 in 3 
Level      Treat risk?  Yes  No 
SUGGESTED TREATMENT 
Suggested treatment:  
 Prevent  Mitigate  Avoid  Transfer  Retain (or Accept) 
If prevent, mitigate, avoid => 
how? 
Take two, Stop think act, physical barriers, PPE, only work in fine weather conditions, 
QA Checks 
Contact Point:  Aston Craig Date:   14/05/2011 
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RISK ASSESSMENT ANALYSIS SHEET 
 Dept:  Engineering 
Manager/Supervis
or 
Aston Craig 
Persons at Risk: 2 
IDENTIFICATION 
Risk Name (Short):  Train/Wagon Derailment Risk Number: 3 
Risk Name (Full):  Wagon loaded Train derails whilst installing test rig   
Risk(s) Dependent on 
this: 
Impact, Vehicular  
This is dependent on: Locomotive and wagons derailing  
Narrative account of the Risk: (Describe fully) 
Person working along rail when Locomotive and wagons derails. 
Event: (Describe fully) 
To complete project a test rig for monitoring bearing must be installed, this evolves working beside the rail.  
What can promote the Event?: (Describe fully) 
Weather conditions, Human Error, Machine Faults, rail faults 
Consequence: (Describe fully) 
Locomotive or wagon impacting person, shrapnel impacting person  
 
Likelihood:  C Consequence: 4 Qualitative Risk Reading: H8 
Risk response level: (tick)   
From 23 20 11 4 1 Priority/Criticalit
y 
 High  Medium  Low  None 
To 25 22 19 10 3 Likely 
occurrence 
1 in 40 
Level      Treat risk?  Yes  No 
SUGGESTED TREATMENT 
Suggested treatment:  
 Prevent  Mitigate  Avoid  Transfer  Retain (or Accept) 
If prevent, mitigate, avoid => 
how? 
Take two, Stop think act, physical barriers, PPE, only work in fine weather conditions, 
Track closures, communication, kockatoo  
Contact Point:  Aston Craig Date:   14/05/2011 
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RISK ASSESSMENT ANALYSIS SHEET 
 Dept:  Engineering 
Manager/Supervis
or 
Aston Craig 
Persons at Risk: 4 
IDENTIFICATION 
Risk Name (Short):  Falling Risk Number: 4 
Risk Name (Full):  Gravitational    
Risk(s) Dependent on 
this: 
Slips, Trips Falls  
This is dependent on: Person tripping, slipping, object rolling, falling  
Narrative account of the Risk: (Describe fully) 
Whilst working on project a gravitational injury could occur 
Event: (Describe fully) 
To complete project there are a number of times when a person or object could trip slip or fall.  
What can promote the Event?: (Describe fully) 
Weather conditions, Human Error, Machine Faults, non secure, distractions  
Consequence: (Describe fully) 
Bruises, cuts, grazes to Skin, broken bones, sprains and strains.  
 
Likelihood:  C Consequence: 3 Qualitative Risk Reading: S13 
Risk response level: (tick)   
From 23 20 11 4 1 Priority/Criticalit
y 
 High  Medium  Low  None 
To 25 22 19 10 3 Likely 
occurrence 
1 in 2 
Level      Treat risk?  Yes  No 
SUGGESTED TREATMENT 
Suggested treatment:  
 Prevent  Mitigate  Avoid  Transfer  Retain (or Accept) 
If prevent, mitigate, avoid => 
how? 
Take two, Stop think act, PPE, only work in fine weather conditions on even surfaces 
Contact Point:  Aston Craig Date:   14/05/2011 
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Appendix C – Resource Requirements  
 
With the case of all research project resources had to be obtained. This 
project utilised a combination of Sucrogen Capital expenditure and personal 
finances to purchase the equipment needed. 
 
Authorisation for Sucrogen capital expenditure was based on justification 
and payback period. These factors were quantified through acquisition of 
maintenance costs, production delays and safety risks associated with 
derailments caused by wagon bearing failures.  The completed Sugrogen 
Capital Expenditure Application is contained in Appendix F.  This 
application was successful in obtaining $18k for securing project resources, 
including system components, trade labour for fabrication requirements and 
costs of loco and wagon usage.   
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Appendix D – Infrared Laser Sensor 
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Appendix E – Thermography Equipment 
Reviewed 
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Appendix F – Sucrogen authorisation for 
capital  
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Appendix G – CR5000 Data Logging Program  
 
'------------------------------- 
' Program Name : Project01.CR5 
' Date : 1st September 2011 
' Author : ASTON CRAIG (SUCROGEN) 
'------------------------------- 
'------------------------------- 
' Declare Constants 
' 
Const N_SW = 2 
Const N_temp = 1 
' 
'------------------------------- 
' Declare Public Variables 
Public Raw_temp(N_temp) 
Public Storage as Boolean 
Public Temp(N_temp) 
Public SW(N_SW) 
Public Panel 
Public OffSw 
' 
'------------------------------- 
' Declare Other Variables 
Dim i 
'------------------------------- 
' 
DataTable(test,Storage,-1) 
 CardOut(0,-1) 
 Sample(N_temp,Temp(),IEEE4) 
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 Sample(1,Panel,IEEE4) 
EndTable 
'------------------------------- 
' Define Subroutines 
'------------------------------- 
' Main Program 
BeginProg 
' 
Scan (10,msec,10,0) 
' 
' Check switches. 
PulseCount (SW(),N_SW,1,2,0,1.0,0) 
' 
VoltSe (Raw_temp(),N_temp,mV5000,1,1,0,250,1.0,0) 
' 
PanelTemp (Panel,250) 
' 
 If Storage = False then 
  If SW(1) <> 0 Then 
   Storage = True 
   EndIf 
  EndIf 
' 
   If Storage = True Then 
   If SW(2) <> 0 Then 
   Storage = False 
   EndIf 
  EndIf 
' 
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' Calculate the Temperature in Degrees Celsius. 
' 
    Temp(1) = ((400/3600)*(Raw_temp(1)-1400)) 
 
' 
 CallTable Test 
 NextScan 
EndProg 
 
 
